Composition and Structure of Beet Necrotic Yellow Vein Virus
(Accepted I8 January 1977) SUMMARY A French isolate of beet necrotic yellow vein virus has rod-shaped particles of four predominant lengths (85, Ioo, 265 and 39o nm), and a width of about 2o nm. Virus preparations yielded four nucleic acid components of apparent mol. wt. 2"3 × Io 6, 1.8 x Io 6, o'7 × Io 6 and o.6 × lO 6 respectively, and a single protein of mol. wt. 21ooo.
Beet necrotic yellow vein virus (BNYVV), first described in Japan (Tamada & Baba, I973) causes 'rhizomania' disease of sugar beet. The disease also occurs in Italy (Canova, I959; Faccioli & Guinchedi, 1974) , in France (Putz & Vuittenez, ~974) and in Germany. The isolate studied by Tamada (1975) has rod-shaped particles of three predominant lengths (65 to Io5, 27o and 39o nm) and is transmitted by the fungus Polymyxa betae, but no information was given on particle composition. This paper reports some properties of a French isolate obtained from naturally infected sugar beet grown near Strasbourg. The isolate was obtained from sugar beet leaves by manual inoculation to Chenopodium quinoa using 4oo-mesh Carborundum abrasive; it was passed five times through single local lesions in C. quinoa and then propagated in Spinacia oleracea cv. Matador (systemic reaction), C. quinoa (local lesions only) and Beta vulgaris cv. Monohil (local lesions and rarely systemic infection). In host range studies, the isolate infected several species in the Chenopodiaceae, Tetragonia expansa and Gomphrena globosa as described by Tamada & Baba (I973) for the Japanese type, but also Nicotiana clevelandii (systemic mosaic), Cucumis sativus cv. Vert de Paris (necrotic pin-point lesions) and Nicotiana tabacum cv. Xanthi (delicate chlorotic rings). The host range of BNYVV is rather narrow. The dilution end-point of the isolate was between io -3 and lO -4 and the thermal inactivation point between 7o and 75 °C. Crude juice kept at room temperature remains infectious after 7 days. In host range and properties in vitro the virus thus closely resembles the isolates of BNYVV described by Tamada (I 975) . Further evidence of identity was obtained in other experiments (Vuittenez et al. I976 ) which showed that the French isolate was transmitted by the fungus Polymyxa betae and confirmed that the rod-shaped virus alone is the causal agent of the rhizomania disease. Finally, in serological tests, the isolate reacted quite strongly against BNYYV antiserum kindly supplied by Dr T. Tamada. Moreover, antiserum to our isolate reacted with the Japanese type strain of BNYVV (T. Tamada, personal communication) .
Sap from infected C. quinoa leaves was examined in the electron microscope using 2 uranyl acetate. Tobacco mosaic virus particles were used as a size standard, assuming a length of 3o0 nm. The particles of BNYYV had four predominant lengths ( in IOO ml of o-I M-tris-HC1 buffer (pH 9) containing 1% 2-mercaptoethanol and 50 ml carbon tetrachloride. After low speed centrifugation (lo min at IOOOOg) the virus was precipitated twice from the supernatant aqueous phase by adding polyethylene glycol (tool. wt. 6000) to 5 % (w/v) and sodium chloride to o.2 m. The suspension was then clarified by treatment with an equal vol. of carbon tetrachloride for lO min. This procedure gave preparations containing particles that were highly aggregated, end-to-end, and no satisfactory method has yet been discovered for separating the different types of particles. High speed centrifugation was unsatisfactory because it led also to too much aggregation.
An antiserum was prepared by injecting a rabbit intramuscularly with partially purified virus emulsified with Freund's adjuvant for the first injection. The five subsequent injections were given with formaldehyde treated virus once each week. Serological double diffusion tests were performed in 0"5 % agar gel, in Petri dishes. The antiserum was found to have a titre of 11512 against the homologous virus and it also reacted to the same titre with our German and Italian isolates. These different isolates formed reactions of complete identity when placed in adjacent wells.
Nucleic acid composition of purified preparations of the French isolate was studied by electrophoresis in polyacrylamide/agarose gels, using the procedure of Peacock & Dingman (1968) (Fig. 2) . The estimated mol. wt. were: z'3 +o.I × Io ° (RNA-0, 1.8 + o.i x io ~ (RNA-2), 0"7 + o-o5 × i@ (RNA-3) and o.6 + 0"o5 x Io 6 (RNA-4). It seems probable that the four RNAs correspond to the four major classes of nucleoprotein particles; the ratio of R N A sizes correlates rather well with the ratio of particle lengths, except for RNA-I the mol. wt. of which is smaller than expected from the particle length. Attempts were made to obtain more reliable mol. wt. values by performing experiments under denaturing conditions in formaldehyde-containing gels. After formaldehyde treatment (Boedtker, 197i ) of both B N Y W -R N A s and markers, four BNYVV-RNA bands were observed, but no accurate information could be obtained concerning the mol. wt. of RNA-I using our conditions. It appears that modified TMV-RNA migrated more rapidly than the modified BNYVV-RNA-I, suggesting that BNYVV-RNA-i could have an apparent mol. wt. of z-6 x io ~ relative to formaldehyde modified standards. However, the exact mol. wt. of BNYVV-RNA-I is in doubt, so the exact ratios of R N A mol. wt. to virus particle lengths 4oo Short communications will require further study. The preparations of unfractioned RNA of BNYVV were infective on C. quinoa (2 local lesions in 25 inoculated leaves) when diluted to E260 = o'o25.
The protein composition of the purified preparations was studied by electrophoresis in 5, IO and 15 ~ polyacrylamide/SDS gels using the procedure of Weber & Osborn 0969). The proteins used as markers, with their assumed mol. wt., were bovine pancreatic RNase (Calbiochem Corp., I37oo), TMV protein (17400) and carbonic anhydrase (Calbiochem Corp., 29ooo). Electrophoresis was in Io x 0-6 cm tubes at 5 mA]gel for I6 h. Protein bands were stained with o'z5 ~ Coomassie blue for 2o min. Estimates for the mol. wt. of BNYVV protein, obtained from eight experiments in each case, were: ~98oo+46o (5 ~ gels); 2I 75 ° + 52o (Io ~ gels) and z25oo + 44o 05 ~ gels). There appears to be little effect of gel strength and it seems permissible to assume an average value of a~ ooo + i. The amino acid composition was estimated after hydrolysing purified BNYVV protein in 6 N-HC1 at Io8 °C for 24, 48 and 7z h, then separating and estimating the relative amounts of the resulting amino acids with the aid of a Technicon automatic analyser. The numbers of residues of each amino acid per protein subunit were calculated using the results of the polyacrylamide-gel electrophoretic data as a guide. The results indicate that the protein subunit of the BNYVV isolate studied contain about 197 amino acid residues distributed as follows: Asp 24, Thr I5, Ser 18, Glu I4, Pro IO, Gly I4, Ala Ig, Val I4, Met 7, Ileu 5, Leu I9, Tyr 4, Phe 6, Lys I2, His z, Arg Io, Trp 4 (determined spectrophotometrically). This composition is notable for the absence of cysteine residues (C. Putz, D. Collot & R. Peter, unpublished data).
The work described here suggests the following cryptogram for BNYVV: R/I: (z.3 + I-8 + 0"7 + 0"6)/5 : E/E: S/Fu. ; the percentage of ribonucleic acid was calculated by Faccioli & Giunchedi (1974) . BNYVV is similar in some properties to several other tubular soil-borne viruses, e.g. soil-borne wheat mosaic virus (SBWMV), potato mop-top virus (PMTV), peanut clump virus (PCV; Thouvenel, Dollet & Fauquet, I976) and probably also to Nicotiana velutina mosaic virus (NVMV; Randles, Harrison & Roberts, I976). Tamada & Baba (I973) found no serological relationship to SBWMV, or to two other rodshaped viruses, TMV and tobacco rattle. Faccioli & Giunchedi (1974) stated that purified suspensions of BNYVV did not react with anti-PMTV serum and anti-barley stripe mosaic virus serum. However TMV, SBWMV and PMTV are serologically related (Kassanis, Woods & White, 1972; Powell, 1976; Randles et al. 1976 ). We could not detect any serological reaction between purified BNYVV and anti-PCV serum, or between BNYVV and anti-PMTV serum. The mol. wt. of the protein subunit of BNYVV (2I ooo) is similar to those of NVMV (114oo) and PMTV (198oo; Randles et al. I976) but different from those of SBWMV (175oo; Powell, i976 ) and TMV (1740o). BNYVV can be distinguished from the other tubular soil-borne viruses by its particle size (85, Ioo, 265 and 39o nm) in comparison mainly with SBWMV (I5o to I6o and 300 nm; Brakke, I970, PMTV 0oo to I5o and 250 to 3oo rim; Harrison, I974) and NVMV (large range of lengths; Randles et al. I976) . From these morphological and biological properties, BNYVV is considered to be a distinct member of the tobamovirus group.
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